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METHOD OF AND APPARATUS FOR PROCESSING HEAVY HYDROCARBON FEEDS 

DESCRIPTION 

1. Technical Field 

This inventions relates La processing he^vy hydrocarbon 
feeds containing sulfur, metals, and asphsltenes which may be 
used in refineries and/or producing power, and mure 
particularly, to a method of and apparatus for upgrading heavy 
crude oils or fractions thereof, 

2. Background of Lhe Invention 

Many types of heavy crude oils contain high concentrations 
of sulfur compounds/ organo-metallic compounds, and heavy, 
non-distillable fractions called asphaltenes thai: ares insoluble 
in light paraffins such as n-pentane* Because most petroleum 
products used for fuel must have a low sulfur content , the 
sulfur compounds in the non-distillable fractions reduce their 
value to petroleum refiners and increase their cost to users of 
such fractions as fuel or as raw material for producing other 
products* In order to increase the saleability of these 
non-distillable fractions r refiners must resort to various 
expedients for removinq sulfur compounds. 

conventional approach to removing sulfur compounds in 
distillatale fractions of crud© oil, or its derivatives, is 
catalytic hydrogenation in the presence of molecular hydrogen at 
moderate pressure and temperature. While this approach is cost 
effective in removing sulfur from distillable oils, problorus 
arise when the feed includes metallic-containing asphaltenes, 
specifically, the presence of metallic-containing asphaltsnes 
results in catalyst deactivation by reason of the coking 
tendency of the asphaltsnes, and the accumulation of m«tala on 
the catalyst, especially nickel and vanadium compounds commonly 
found in the asphaltenes. 

Alternative approaches include coking, high-pressure, 
desulfuxisation, and fluidized catalytic cracking of 
non-distiiiable oils, and production of asphalt for paving and 
other uses- All of these processes, howevtsr, have disadvantages 
that are intensified by the presence of high concentrations of 
metals, sulfur and asphaltenes- In the case Of coking 
non-distillable nils, the cost is high and a disposal market for 
the resulting high sulfur coke must be found. Furthermore, the 
products produced from the asphalten* portion of the feed to a 
coker are almost entirely low valued coke and cracked gases, In 
the case of residual oil desulfurizdUon, the cost of 
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high-pressure equipment/ catalyst consumption, and long 
processing times make this alternative undesirably expensive. 

In Patent No. 4,191,636, heavy oil is 

continuously converted into asphaltenes and metal-fcrce oil by 
hydrotreaLlng Lhe heavy ni 1 to crack asphaltenes selectively and 
remove heavy metals such as nicks! and vanadium simultaneously . 
The liquid products are separated into a light fraction of *n 
asphaltons-iree and metal-frec oil and a heavy fraction of an 
asphaltene and heavy metal-containinq oil. The light fraction 
is recovered as a product and ths heavy fraction is recycled to 
the hydro treating step. 

In U.S. Patent No. 4, 523,100, a process for the treatment 
of residual oil is disclosed, Lhe process comprising the stops 
of treating the residual oil so as to produce* a first extract 
and a first raffinate using supercritical solvent extraction, 
and then treating the first raffinate so as to produce a second 
extract and a second raffinate again by supercritical solvent 
extraction using a second supercritical solvent and then 
combining the first extract and the raffinate to a product fuel. 
In accordance with a particular embodiment of the invention 
disclosed in the U.S. '100 patent, the supercritical solvents ore 
particularly selected to concentrate vanadium in the second 
extract* Thus, even though the* amount of vanadium present in 
the produce fuel is low and consequently beneficial for reducing 
gas turbine maintenance problems as stated in this U.S. '100 
patents some amount of vanadium does still remain therein. 

Another example of a user of the heavier # higher, boiling 
range portion of a hydrocarbon is a refinery with a fluid 
catalytic cracking unit [a FCC unit) . FCC units typically are 
operated with a feedstock quality constraint of very low metals 
asphaltenes, and CCK (i.e., less than 10 wppm metals, loos than 
0.2 wt% asphaltenes, and less than 2 wt% CCR) , Utilization of 
feedstocks with greater levels of asphaltenes of CCft results in 
increased coke production and a corresponding reduction in unit 
capacity* In addition/ use of feedstocks with high levels of 
metals and asphaltenes results in more rapid deactivation of the 
catalyst , and thus increased catalyst consumption rates and 
increased catalyst replacement costs. 

In U.S. Patent No, 5,192,421, a process tor the treatment 
of whole crude oil is disclosed, the process comprising the 
steps of deasphalting the crude by first mixing the crude with 
an aromatic solvent, and the n mixing the crude -aromatic solvent 
mixture with an aliphatic solvent. The U.S. '421 patent (at page 
9, lines 4 3-45) identifies that certain modifications must be 
made to prior art solvent deasphalting technologies, such as 
that described in U.S. Patent Nos. 2,940,920, 3,005,769, and 
3,053,751 in order to accoiranodate the process described in the 
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U.S. ( 421 patent:, in particular since the prior art solvent 
dessphal t-.ing technologies have no means to remove that portion 
of the charge oil that will vaporize concurrently with the 
solvent and thus contaminate the solvent used in the process. 
In addition to being burdened by the complexity and cost 
resulting from the use of two solvent©, the U.S* '421 prucess 
results in a deasphalted product that still contains a 
non-distilled portion with levels of CUR and metals that exceed 
the desired levels of such contaminants, 

In U.S. Patent No. 4 f 686,028 a process for the treatment Of 
whole crude oil la disclosed, the process comprising the steps 
of deasphalting a high boiling range hyrh-ocarbon in d two-stage 
deasphalting process to separate asphaltene, resin, and 
deasphalted fractions, followed by upgrading only the resin 
fraction by hydrogenation or visbxeaking. The U.S. '028 patent 
is burdened by the complexity and cost of a two-stage solvent 
deasphalting system used to separate the resin fraction from the 
deasphalted oil* In addition, like the U.S. '421 patent, the '028 
process results in an upgraded product that still contains a 
non-di3tilled fraction - the DAQ - that is contaminated with CCR 
and metal 

Metals contained in heavy oils contaminate and spoil the 
performance of catalysts in fluidized catalytic cracking units* 
Asphaltenes present in such oils are converted to high yields of 
uoke a j id gas which burden an operator with high coke burning 
requirements . 

Another alternative available to a refiner or heavy crude 
user is to dispose of the aon-distillable heavy oil fractions 35 
fuel for industrial power generation or as bunker fuel for 
ships. Disposal of such fractions as £uci is not particularly 
profitable to a refiner because more valuable distillate oils 
must be edded in order to reduce viscosity sufficiently (e.g. 
producing heavy fuel oil, etc.) to allow handling and shipping. 
Furthermore, the presence of high sulfui and metals contaminants 
lessens the value to users. In addition, this does not solve? the 
problem of the non-distillahle heavy oil fractions in a global 
sense since environmental regulations restrict the use of high 
sulfur fuel oil. Refiners frequently use a thermal conversion 
process, e.g., visbreaking, for reducing the heavy fuel oil 
yioid. This process converts a limited amount of the heavy oil 
to lower viscosity light oil, but has the disadvantage of using 
aum« of the higher v^Iur distillate oils to reduce the viscosity 
of the heavy oil sufficiently to allow handling and 8hj.ppj.j3y, 
Moreover, the asphaltene content o£ the heavy oil restricts 
severely the degree of visbreaking conversion possible due to 
the tendency of the asphaltcncs to condense into heavier 
materials, even coke, and causs instability in the resulting 
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fuel oil- Furthermore, this process reduces the amount of heavy 
fuel oil that the rexiner ha3 to sell and is not useful in a 
refinery processing heavy crudes. 

Many proposals thus have bfor dealing with crudand metals* 
And while many are technically viable, they appear to have 
achieved little or no commercialization, due, in large measure, 
to the high cost of the technology involved* Usually such coat 
takes the form of increased catalyst contamination by the metals 
and/or the carbon deposition resulting from the attempted 
conversion of the asphaltene fractions. 

An example at the processes proposed in order to Cope with 
high metals and aaphaltenes ig disclosed in U.S. Patent No. 
4,500,416* In one embodiment, an asphaltene-containing 
hydrocarbon feed is solvent deasphalted in a deasphalting zone 
to produce a deasphalted oil (DAO) fraction, and an asphalt, ene 
fraction which is catalytically hydrotreated in a hydrotreating 
zone to produce a reduced asphaltene stream that is fractionated 
to produce light distillate fractions and a first heavy 
distillate fraction- Both the first heavy distillate fraction 
and the DAO fraction are thermally cracked into a product stream 
that is then fractionated into light distillate fractions and a 
second heavy distillate fraction which is routed to the 
hydrotreating £one. 

In an alternative embodiment, an asphaltene-contalnlng 
hydrocarbon feed is solvent deasphalted in a deasphalting sone 
to produce a tisasphalted oil (uao) traction, and an aophaltene 
fraction which is catalytically hydrotrsated in a hydrotreating 
zone to produce a reduced asphaltene stream that is fractionated 
to produce light distillate fractions and a first heavy 
distillate fraction. The first heavy distillate fraction is 
routed to the deasphalting zone for deasphalting, and the DAO 
fraction io thermally cracked into a product stream that is than 
fractionated into liqht fractions and a second heavy distillate 
fraction which is routed to the hydrotreating zone, 

in each embodiment in the "416 patent, asphaltenes are 
routed to a hydrotreating zone wherein heavy metals present in 
the asphaltenes cause a number of problems* Primarily, the 
presence of the heavy metals In the hydrotreater causes 
deactivation of the* catalyst that increases the cost of the 
operation. In addition, such heavy metals also result in having 
to employ higher pressures in thy hydrotrEater which complicates 
its design and operation and hence its cost- 

it is therefore an object of the present invention to 
provide a n<sw and improved method of and apparatus for 
processing and upgrading heavy hydrocarbon feeds containing 
snl fur r metals, and asphaltenes, wherein the disadvantages as 
outlined are reduced Ojl substantially overcome. 
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SUMMARY OF THE INVENT TOW 
Apparatus for processing a heavy hydrocarbon feed, in 
accordance with the present invention, comprises firstly a 
hftai;st lor heating the heavy hydrocarbon toed. The heated heavy 
hydrocarbon feed produced Js fed to an atmospheric tractiohatincr 
tower for fractionating the heatisd heavy hydrocarbon feed fed to 
the inlet of the atmospheric fractionating Lower producing light 
atmospheric fractions and atmospheric bottoms. In addition, the 
apparatus includes a vacuum fractionating tower for 
fractionating heated atmospheric bottoms i heated by a further 
heater, and producing lighter vacuum fractions and vacuum 
residue. Furthermore, the apparatus includes a solvent 
deasphalting (SDA) unit fur producing deasphaited oil (DAG) and 
asphaltenes from the vacuum residue as we 1.1 as a thermal cracker 
for thermally cracking the deasph&lted oil rand producing a 
themally cracked product which is recycled to the inlet nf the 
atmospheric fractionating .tower. Moreover, the apparatus can 
include a further thermal cracker tor thermally cracking the 
lighter vacuum fractions for producing a further thermally 
cracked product which is recycled to the inlet of the 
atmospheric fractionating tower, if preferred, the lighter 
vacuum fractions can be supplied Lo the thermal cracker in 
addition to the deasphalted oil. In such a case, the further 
thermal cracker previously mentioned is not used. 

Furthermore, the present invention includes a method fur 
processing a heavy hydrocarbon feed comprising the steps of: 
hftating d heavy hydrocarbon feed and fractionating the heated 
heavy hydrocarbon feed in an atmospheric fractionating tower for 
producing light atmospheric fractions and atmospheric "bottoms. 
Heated atmospheric bottoms, heated by a further heater, are 
fractionated in a vacuum fractionating, tower for producing 
lighter vacuum fractions and vacuum residue while the vacuum 
residue are solvent deasphaltcd in a solvent deasphalting (snA) 
unit for producing deasphalted oil (DAO) and asphaltenes. The 
dKBsphalted oil is then thermally cracked in a thermal cracker 
for producing a thermally cracked product that is recycled to 
the inlet of the atmospheric fractionating tower, in addition, 
the lighter vacuum fractions can be thermally cracked for 
producing a further thermally cracked product that is recycled 
to the inlet of the atmospheric fractionating tower. Thermal 
cracking of the lighter vacuum fractions can be carried out in a 
separate thermal cracker or in the same thermal cracker in which 
the deasphalted oil is thermally cracked, Similar apparatus and 
methods arc? disclosed in u. S. [Patent Application Serial No. 
00/910,102, thft disclosure of which is hereby incorporated by 
reference. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Embodiment.!* of the present invention are described by way of 
example, and with reference La the accompanying drawings 
wherein: 

Fig- 1 io a block diagram of a first embodiment of the 
present invention for processing a hydrocarbon feed? 

Fig, la is a block diagram o£ a modification of the first 
embodiment of the present invention mentioned above for 
processing a hydrocarbon fe«d; 

Fig- 2 is a block diagram of a second earibad:ntfint of the 
present invention for processing a hydrocarbon feed; 

Fig. 3 io a block diagram of a third embodiment of the 
present invention tor processing a hydrocarbon feed? 

Fig. 4 is a block diagram of a further embodiment of the 
present invention for processing a hydrocarbon feed; 

Fig. 5 is a block diagram of a still further embodiment of 
the present invent ion for processing a hydrocarbon feed; 

Fig. G is a block diagram of another embodiment of the 
present invention for processing a hydrocarbon feed; 

Fig* 7 is a block diagram of another embodim ant of thft 
present invention for processing a hydrocarbon feted; 

B'ig. 8 i$ a block diagram of another embodiment of the 
present invention for processing a hydrocarbon toed; and 

Fig. 3 is a block diagram of another embodiment of the 
present invention for processing a hydrocarbon feed. 

Like reference numerals and dpsi gnations in the various 
drawings refer to like elements. 

DETAILED DESCRIPTION 

Turning to the drawings, numeral 10 in Fig. 1 designates 
apparatus tor processing heavy hydrocarbons in accordance with 
the present invention wherein heavy hydrocarbon food is supplied 
to heater n and the heated heavy hydrocarbon feed is fed to 
atmospheric fractionating tower 12. Atmospheric fractionating 
tower 12 produce* light atmospheric fractions in line 14 and 
atmospheric bottoms in line 15. The atmospheric bottoms in line 
15 are then supplied to heater 1G and the heated atmospheric 
bottoms Are supplied to vacuum fractionating to^er 18 which 
producea light vacuum fractions in line 20 and vacuum residue in 
line 22. The vacuum residue in line- 22 is then supplied to 
solvent deasphalting unit 2% which produces deasphalted oil in 
line 26 and asphaltenes in line 28, Deasphalted oil in lino 26 
is supplied to thermal cracker 30 that produces thermally 
cracked product in line 32 that is recycled to inlet 13 of 
atmospheric fractionating tower 12- Moreover, the light vacuum 
fractions in line 20 are supplied to further therms! cracker 35 
for thermally cracking the lighter vacuum fractions and a 
further thermally cracked product produced in line 37 that is 
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recycled to inlet 13 of atmospheric fractionating tower 12.: If 
prefftrrftd, rather than using further thermal cracker 35 , the 
light vacuum fractions in line 20 can be thermally cracked in 
thermal cracker 30 together with the deasphalted oil snppl ied in 
line 2 6, see Fig. la. 

Numeral a. OA in **ig. 2 designates another embodiment of 
apparatus for processing heavy hydrocarbons in accordance with 
the present invention wherein heavy hydrocarbon feed is supplied 
to heater 11A and the heated heavy hydrocarbon feed is fed to 
atmospheric fractionating tower 12A* Atmospheric; fractionating 
tower 12A produces light atmospheric fractions in lines 14A and 
atmospheric bottoms in line 16A. The atmospheric bottoms in line 
ISA are then supplied to heater 17A and heated atmospheric 
bottoms are supplied vacuum fractionating tower 18a which 
produces light vacuum fractions in lines 20A, heavier vacuum 
fraction* in line 21 and vacuum residue in line 22A. The vacuum 
residua in line 22A ar« then supplied to solvent deasphalting 
unit 24A which produces deasphaltsd oil in line 26A and 
asphaltenes in line 26A, Deasphalted oil in line 26A is supplied 
to thermal cracker 30A that produces thermally cracked product 
in lino 'S2A that i3 recycled to inlet 13A of atmospheric 
fractionating tower 12A. Moreover, the heavier vacuum fractions 
in line 21 are supplied to further thermal cracker 3bA ior 
thermally cracking the heavier vacuum fractions and a further 
thermally cracked product is produced in line 37A which is 
recycled to inlet 13A of atmosph«ric fractionating tower 12A. 

Turning now to the embodiment described with reference to 
Fig, 3, numeral 10B designates a further embodiment of apparatus 
for proceeding heavy hydrocarbons in accordance with the' present 
invention, in this embodiment, heavy hydrocarbon feed is 
supplied to heat or lis and the heated heavy hydrocarbon feed is 
fed to atmospheric fractionating tower 12B, Atmospheric 
fractionating tower 12B produces light atmospheric fractions in 
lines 14B and atmospheric bottoms in line 1SJ&. The atmospheric 
bottoms in line 16B alv Lh«n supplied to heater 17 B and the 
heated, atmospheric bottoms are supplied to vacuum fractionating 
tower 18D which produces light vacuum fractions in lines 20B, 
heavier vacuum fractions in line 21B a3 well as vacuum residue 
in line 22B. The vacuum residue in line 22B i$ then supplied to 
solvent deasphalting unit 24B which produces deasphaltcd oil in 
line 26B and asphaltenes in line 28B, Deasphaltcd oil in line 
26B is supplied to thermal cracker 30B that produces thermally 
cracked product in line 32B that is recycled to inlet 13B of 
atmospheric fractionating tower 12FL Moreover, the heavier 
vacuum fractions in line 21B are supplied to line 26B to form a 
combined product that is supplied to thermal cracker 30B. 
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In another embodiment of the present invention, described 
with reference to Js'ig. 4, numerai ioc designates a still further 
embodiment of apparatus for processing hsavy hydrocarbons in 
accordance with the present invention. In this embodiment , heavy 
hydrocarbon feed is supplied to heatei 11C and the heated heavy 
hydrocarbon feed is fed to atmospheric fractionating tower 12C 
Atmospheric tractionating tower 12C produces lighter atmospheric 
fractions in line 14c, light atmospheric fractions in line 15C 
and atmospheric bottoms in lino 16C. The atmospheric bottoms in 
line? 1.6C ere then supplied to hsater 17c and the heated 
atmospheric bottoms art? supplied to vacuum fractionating tower 
1GG which produces light vacuum frac Lions in linos 20C f heavier 
vacuum fractions in line 21C and vacuum residue in line 22C. The 
vacuum residue in line 22C are then supplied to solvent 
daasphalting unit which produces dcasphalted oil in line 26C 
and asphaltonos in line 2SC. Deasphaltcd oil in line 26C is 
supplied to thermal cracker 30c that produces thermally cracked 
product in line 32C that is recycled to inlet 13C of atmospheric 
fractionating tower 12c. Moreover, the heavier vacuum fractions 
in line 21C are supp3 3 ad to further thermal cracker 35C for 
thermally cracking the heavier vacuum fractions and a further 
thermally cracked product is produced in line 3?C which is 
recycled to inlet 13C of atmospheric fractionating tower 12C. 
Furthermore, this embodiment includes hydrogen donor apparatus 
40C having hydrotrsater 45C to which light traction product in 
line 39C is supplied and which produces trsatsd hydrocarbon feed 
in line 4iC. Treated hydrocarbon feed in line 41C is supplied to 
heater 43C and the heated, treated hydrocarbon feed is thon fed 
to further atmospheric fractionating tower 42C. Further 
atmospheric fractionating tower 42C produces further light 
atmospheric fractions in lines 44C and further atmospheric 
bottoms in lino 46C» The further atmospheric bottoms in line 46C 
are then supplied to heater 47C and the heated, further 
atmospheric bottoms are supplied to further vacuum fractionating 
tower 48C that produces further light vacuum fractions in lines" 

futlher heavier vacuum fractions in line 51C and further 
vacuum residue in line 52C. In this embodiment, portion of 
further heavier vacuum fractions or hydrogen donor sUeam 
present in line 51C is fed via line 60 to line 26C for iripuL 
into thermal cracker 3QC, A further portion of the hydrogen 
donor stream is fed to lino 210 usinq line 51 for input into 
thermal cracker 35c. 

Preferably, the ratio of tha deasphalted oil present in 
line 2 to the amount of hydrogen donor stream present in line 
feed 60 is 0.25 to 4- Also, preferably, the ratio of the heavier 
vacuum fraction present in line 21C Lo the amount of hydrogen 
donor stream present in line 61 is also 0.25 to 4. 
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In a further embodiment of the present invention, d&scribed 
with reference to Fig, 5, numeral 3 0n designates an even further 
embodiment of apparatus for processing heavy hydrocarbons In 
accordance with the present invention , In this embodiment, heavy 
hydrocarbon feed is supplied to heater 11D and the heated, heavy 
hydrocarbon feed is fed to atmospheric fractionating tower 12D* 
Atmospheric fractionating l.owfir 12D produces lighter atmospheric 
fractions in line 14D, light fractions in line 15D and 
atmospheric bottoms in line 16D. The atmospheric hot tonus in line 
16D are then supplied to heater 17D and the heated atmospheric 
bottoms are supplied to vacuum fractionating tower 18D that 
produces light vacuum fractions in lines 20D, heavier vacuum 
fractions in line 21D and vacuum residue in line 22D* The vacuum 
residue in line 22D are then supplied to solvent deasphalting 
unit 24D that produces tied sphal ted oil in line 26D and 
aaphalten^3 in line 28D. Deasphal ted oil in line 26D is supplied 
to thermal cracker 30D that produces thermally cracked product 
in line 32D that is recycled to inlet 13D of atmospheric 
fractionating tower VdD. Moreover, the heavier vacuum fractions 
in lino 21D are also supplied to line 26D for input into thermal 
cracker 30D. Furthermore, this embodiment includes hydrogen 
dutior apparatus 40D including hydrotreater 45D to which light 
fraction product in line 39D is supplied and that produces"' 
treated hydrocarbon in line 41 n. Treated hydrocarbon feed in 
line 4 ID is supplied to heater 43D and the heated, treated 
hydrocarbon feed is fed to further atmospheric fractionati ng 
tower 42D, Further atmospheric fractionating tower 42n produces 
further light atmospheric fractions in lines 44D and further 
atmospheric bottoms in line ibD. The further atmospheric bottoms 
in line 46D are then supplied to heater 47D and the heated, 
further atmospheric bottoms are supplied to further vacuum 
fractionating tower 48D that produces further light vacuum 
fractions in lines SOD, further heavier vacuum fractions in line 
51D and further vacuum residue in line 52D. In this embodiment, 
further heavier vacuum fractions or hydrogen donor stream 
present in lino 51D arc fed via line SOD to line 2GD for input 
into thermal cracker 

Preferably, the ratio ot the hydrocarbon feed present in 
line 26D to the amount of hydrogen donor stream present in line 
feed 60D is 0.25 to 4- 

As far as thft embodiment of the present invention is 
concerned, described with reference to Fig. 6 r numeral 10E 
designates another embodiment of apparatus for processing heavy 
hydrocarbons in accordance with the present invention. In this 
embodiment, heavy hydrocarbon feed is supplied to heater HE and 
the heated, heavy hydrocarbon feed is fed to atmospheric 
fractionating tower 12E, Atmospheric fractionating" tower 12E 
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produces lighter atmospheric fractions in line 14E, light ' 
fractions in line 1SE and atmospheric bottoms in line 16E. The 
lighter atmospheric fractions in line HE and light fractions in 
line 15E are combined and the combined product is supplied to 
hydrotre&ter 19E that produces 5 hydrotreated product. The 
atmospheric bottoms in line 1GE srs then supplied to heater 17E 
and the heated, atmospheric bottoms are supplied Lo vacuum 
fractionating tower IHE which produces light vacuum fractions in 
lines 2GE, heavier vacuum fractions in line 21E and vacuum 
residue in line 22E. Tho vacuum residue in line 22E is then 
supplied Lo deasphalting unit 24E which produces deasphaltcd oil 
in line 26E and aspba] tenRs in line 28E. Deasphalted oil in lins 
26E is supplied to thermal cracker 30E that produces thermally 
cracked product in line 32E that is recycled to inlet 13E of 
atmospheric fractionating tower 12E. Moreover, the Light ^cuum 
fractions in lines and heavier vacuum fractions in line 21E 

ar<* supplied to line 39E, Portion of those fractions is supplied 
to further thermal cracker 35E for thermally cracJtinq these 
vacuum fractions and a further thermally cracked product ie 
produced in line 37E Lhat is recycled to inlet 13E of 
atmospheric fractionating Lower 12ft. Furthermore,, this 
embodiment includes a further hydrotreater 40£ to which a 
further portion of fractions present in line '39E is supplied and 
that produces treated hydrocarbon feed in line 41E. In this 
embodiment, portion of treated hydrocarbon feed in line 4 IS is 
supplied via line 60E to line 2fcE for input into thermal cracker 
30E. Preferably, the ratio of the deasphalted oil present in 
line 26E to the amount of treated hydrocarbon feed present in 
line GOE is 0*7f> to 4- A further portion of the treated 
hydrocarbon feed in 41E is supplied to lines 42E via line 62 for 
input into thermal cracker 35E. 

Preferably, the ratio of the vacuum fractions presenL in 
line 12E to the amount of treated hydrocarbon feed present in 
line feed 62 is also Q*25 to 4. 

Turning to the embodiment of the present invention 
described with reference to Fig. 7 similar apparatus to that 
described with reference to Fig. 6 is shown wherein numeral 1QF 
designates a further embodiment. o£ apparatus for processing 
heavy hydrocarbons in accordance with the prea«nt invention. In 
this embodiment, heavy hydrocarbon feed is supplied to heater 
11F and the heated heavy hydrocarbon feed is fed to atmospheric 
fractionating tower 12F. Atmospheric fractionating tower 12 F 
produces lighter atmospheric fractions in line 14F, light 
fractions in line 15F and atmospheric bottoms in line Igf, The 
lighter atmospheric fractions in line 14F and light fractions in 
line 15P are combined and the combined product is supplied to 
hydrotreater 19P that produces a hydrotreaied product. The 


10 


62/11 "d 


SS:6T 66, 10 AON 


ORMAT 


atmospheric bottoms in line 16P are then supplied to heatetf 17 F 
and the heated atmospheric bottoms are supplied to vacuum 
fractionating tower 18b 1 which produces iiqh't vacuum fractions in 
Une* 20F, heavier vacuum fractions in line 2lt and vacuum 
residue in line 22F. The vacuum residue in line 22f is then 
supplied to deasphalting unit 24F which produces deasphalted oil 
in line 2GF and asphaltenes in line 28F. Deasphalted oil in line 
26f is supplied to thermal cracker 30F that produces thermally 
cracked product in line 32F that is recycled to inlet 13F of 
atmospheric fractionating tower 12*'. Moreover, the light vacuum 
fractions in lines 20F, and heavier vacuum fractions in line 21F 
are supplied to line 39F. Port inn of these fractions is supplied 
to line 26F for input into thermal cracker 30F. Furthermore,, 
this embodiment includes a further hydrotreater 40F to which a 
further portion of fraction present in line 39F is supplied and 
which produces treated hydrocarbon feed in line GOF, Ml of 
treated hydrocarbon fesd in line 6GF, in this embodiment, is 
supplied to line 26F for input into thermal cracker 'SOF* 

Preferably, the ratio of the hydrocarbon feed present in 
line 26F to the amount of treated hydrocarbon feed present in 
line feed GOF is 0,25 to 4* 

Numeral 10G in Fig* 8 designates an additional embodiment 
of apparatus for processing heavy hydrocarbons in accordance 
with the present invention. In this embodiment , heavy 
hydrocarbon feed is supplied to heater 11G and the heated heavy 
hydrocarbon feed is fed to atmospheric fractionating tower 12C, 
Atmospheric fractionating tower 12(5 produces lighter atmospheric 
fractions in line 1 4G, light fractions in line 15G and 
atmospheric bottoms in line 16G T The lighter atmospheric 
fractions in line 14G and light fractions in line 15G a re 
combined and the combined product is supplied to hydrohreatex 
19ff that produces a hydrotreated product. The atmospheric 
bottoms in line 16G are then supplied to heater 17G and the 
heatod atmospheric bottoms arc supplied to vacuum fractionating 
tower 185* that produces light vacuum tractions in lines 20G, 
heavier vacuum fractions in line 21G and vacuum residue in line 
22G. The vac;uum residue in line 22G is then supplied to solvent 
deasphalting unit 24G which produr.es deasphalted oil in line 2SG 
and asphaltenes in line 28G, Deasphalted oil in line 26G is 
supplied to thermal cracker 30G that produces thermally cracked 
product in line 32G that ia recycled to inlet 13G of atmospheric 
fractionating tower 12G, Moreover, the light vacuum fractions in 
lines 20G are suppliod to line Portion of thcoo fractions 

is supplied to further thermal cracker 35G for thermally 
cracking Lhese vacuum fractions and a further thermally cracked 
product is produced in line 37G which is rRcycled to inlet 13G 
of atmospheric fractionating tower 12G- In addition, heavier 
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vacuum fractions in line 21G are supplied to this portion of 
fractions supplied to further thermal cracker 35G, Furthermore, 
this embodiment includes a further hydrotre'ater 40G to which a 
further portion of fractions present in line 39% is supplied and 
which produces treated hydrocarbon f«ed in line 41G. In this 
embodiment, portion of treated hydrocarbon feed in line 41G is 
supplied via line 60G to line 26G for input into thermal cracker 
30G, h further portion of the treated hydrocarbon feed in line 
41G is supplied via line €2Q to line 42G for input into further 
thermal cracker 35G. Preferably, the ratio Of the vacuum 
fractions present in line 42G to the amount of treated 
hydrocarbon feed present in line fped 62G is 0.25 to 4. Also in 
this embodiment, portion for the hydrotreated product exiting 
hydrotreater 19G is supplied via line 64G to treated hydrocarbon 
feed in line 41G exiting further hydrotreater 40G. Con.wque.nLly, 
portion of the hydrotreated product supplied to line 41G is 
supplied to line 26G tor input into thermal cracker 30$ while 
another portion of the hydrotreated product supplied to line 41G 
is supplied to further thermal cracker 35G, 

Preferably, the ratio of the deasphaited oil present in 
line 26G to the amount of treated hydrocarbon feed present in 
line feed 60G is 0,25 to 4. 

As far as the embodiment of the present invenLicm described 
with reference to Fig. 9 is concerned/ similar apparatus to that 
described with reference to Fig. 3 is shown wherein numeral 10H 
designates a further embodiment ot apparatus for processing! 
heavy hydrocarbons in accordance with the present invention. In 
this embodiment, heavy hydrocarbon feed is supplied to heater 
11H and the heated heavy hydrocarbon feed is fed to atmospheric 
fractionating- tower 12M, Atmospheric fractionating tower 12H 
produces lighter atmospheric fractions in line 14H, light 
fractions in line 1511 and atmospheric bottoms in lins 16H- The 
lighter atmospheric fractions in line 14H and light fractions in 
line 15H are combined and the combined product is supplied to 
hydrotreater 19H that produces a hydrotreated product. The 
atmospheric bottoms in line 16H are then supplied to heater 17H 
and Lhe heated atmospheric bottoms are Supplied to vacuum 
fractionating tower 18H which produces light vacuum fractions in 
lines 20H, heavier vacuum fractions in line 2IH and vacuum 
residue in line 22M. The vacuum residue in line 22H is then 
supplied to solvent deasphalting unit 24H which produces 
deasphalted oil in line 26H and asphaltenes' in line 2SH. 
Dsasphalted oil in lino 2&H is supplied to thermal cracker 30H 
that produces thermally cracked product in line 32H that ig 
recycled to inlet 13H of atmospheric fractionating tower 12H, 
Moreover, the light vacuum fractions in lines 20H are supplied 
to line 39H for input into further hydrotreater 40H which 
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produces treated hydrocarbon feed in line 4IH that is supplied 
via line 60H to line 2 6H for inpuL into thermal cracker 30M* 
Heavier vacuum fractions in Line 21H are* also supplied to line 
26H for input, into thermal cracker 30H. In Lhis embodiment, 
portion for the hydrotreated product editing hydrot neater 19H is 
supplied via line 64H to treated hydrocarbon feed in line 41H 
exiting further hydrotreater 40H* Consequently f the portion of 
the hydrotreated product supplied to line 41H is supplied to 
line Tor input into thermal cracker 

Preferably, the ratio of the hydrocarbon feed prosent in 
line 2611 to the amount of treated hydrocarbon feed present in 
line feed GOH is 0.25 to 4, 

The present invention permits the efficient control at the 
final boiling point of Llie product stream. This has importance 
since the value of the upgraded product produced in accordance 
itfLth the present invention chdngp.s for each specific refinery 
configuration. Refineries are sensitive to the final boiling 
point of this upgraded product and material that has hiqh value 
for one may be valued at the value of vacuum residue by another. 
Thus, the value of the product or synthetic crude produced in 
accordance with the present invention and supplied to the 
refinery can be different for a different balance of th« 
different tractions px _ oduced. Refineries are differentiated one 
from another Dy the products and fractions they are willing La 
acnfcpL- consequently, sometimes/ the value' of a product in the 
boiling point range between £T>0 - 1050*F is low even if its 
quality is high. Here, refineries may prefer different divisions 
of bailing point ranges of the improved products in accordance 
with the processing unite or apparatus downstream* As a result, 
if e, g* a refinery is the client of the product or the user o£ 
the process , there is an advantage of flexibility of the final 
boiling point in general and in the actual balance between the 
vacuum gas oil and the atwopheric product fractions. 
Furthermore/ often a diluent needs to be added to the crude* oil 
in order to meot the pipeline specifications for conveying the 
heavy oil. Thus, the present invention permits conversion of 
part of the crude oil into diluent that can be used in the 
transportation of more viscous oil. 

Moreover/ as far as combustion turbines are concerned, it 
is important to control the viscosity and density of the product 
thus permitting substantially avoiding potential risk^ froiu 
occurring in the fuel system and injectors of the turbine* 

In addition, it should be noted that supply mocins or lines 
mentioned in this specification refer lo suitable conduits r etc, 

Furthermore, it should be pointed out that the present 
invention includes as well the method for operating the 
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apparatus disclosed with reference to the above-described 
figures. 

It is believed that the advantages and improved results 
furnished by the method and apparatus of the present invention 
are apparent from the foregoing description of th« invention. 
Various changes and modifications may b* made without departing 
from thft spirit and scope ot the invention as described in the 
claims that follow. 
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WHAT IS CLAIMED IS: j 

1. Apparatus of proceseinq heavy hydrocarbon feed 
comprising: : 

a) a heater for heating said heavy hydrocarbon 
feed; . 

i>) an atmospheric fractionating tower for 
fractionating the heated heavy hydrocarbon, feed fed to the inlet 
of the atmospheric fractionating tower producing light 
atmospheric fractions and atmospheric bottoms; 

c) a further heater for heating said atmospheric 
bottoms and producing heaLed atmospheric bottoms? 

d) a vacuum fractionating tower for 
fractionating said heated atmospheric: bottoms and producing 
light vacuum fractions and vacuum residue;! 

e) a solvent dteasphalting JSDfc) unit for 
producing rfeasphalted oil (DAO) and asphaltenes frum said vacuum 
residue; : 

f) s thermal cracker for thermally cracking 
said dcasphalted oil and producing a thermally cracked product 
which io recycled to the inlet, of said atmo$pheric fractionating 
towsr; and ; 

g) a further thermal cractcer for thermally 
urankring said light vacuum fractions for producing a further 
thermally cracked product which is recycled to the inlet of said 
atmospheric fractionating tow«. 

2. Apparatus according to claim 1 including means for 
supplying only the heavy portion of said light vacuum fractions 
to said further thermal cracker. j 

3. Apparatus according Lo claim 2 including a hydrogen 
dontttr system for processing the lighter portion of said light 
vacuum fractions and producing a hydrogen donor stream, said 
hydrogen donor system including; i 

a) a hydrotreatcr for producing a treated 
hydrocarbon feed from said the lighter portion of said light 
vacuum fractions; 

b) a st ±13 further heater tor producing a 
heated, treated hydrocarbon stream; : 

C) a further atmospheric fractionating tower 
for fractionating said heated treated hydrocarbon stream for 
producing further light atmospheric fractions and further 
atmospheric bottoms? 

dj an additional heater for" heating said 
further atmospheric bottoms and producing hjeated, further 
atmospheric bottoms; and 

e) a further vacuum fractionating tower for 
fractionating oaid heated, further atmospheric bottoms and 
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producing further lighter vacuum fractions and further vacuum 
residue such that the heavier portion of &aid further lighter 
vacuum fractions or hydrogen donor streatu is supplied to said 
thermal cracker > 

4. A method for processing heavy hydrocarbon comprising 
the steps of : 

a) heating said heavy hydrocarbon; 

b) fractionating the heatod heavy hydrocarbon 
feed in an atmospheric fractionating tower tor producing light 
atmospheric fractions and atmospheric bottoms; 

C) heating said atmospheric bottoms for 
producing heated atmospheric bottoms; 

d) fractionating said heated atmospheric 
bottoms in a vacuum fractionating tower for producing lighter 
vacuum fractions and vacuum residue; 

e) solvent deasphalting 3aid vacuum residue in 

a solvent chsasphal ting {SDh} for producinq deaophaited oil (DAG) 
and aaphaltenes; 

f ) thermally cracking said deasphaited oil in a 
thermal cracker for producing n thermally cracked product which 
is recycled to the inlet of said atmospheric fractionating 
tower; and 

g) thermally cracking said lighter vacuum 
fractions for producing a further thermally cracked product that 
is recycled to said atmospheric fractionating tower, 

5. A methuri according to claim 4 providing a further , 
separate thermal cracker for thermally cracking oaid lighter 
vacuum fractions. 

6. A method according to claim 5 including providing 
means for supplying only the heavy portion of said light vacuum 
fractions to said turther thermal cracker. 

7. A method according to claim 4 wherein said lighter 
vacuum fractions are thermally cracked in the same thermal 
cracker in which said deasphalted oil ia thermally cracked. 

0. h method according to claim <3 including; 

a) providing a hydrotreator for processing said 
light atmospheric and the lighter portion of said light vacuum 
fractions and producing a treated, hydrocarbon stream; 

b) heating said treated hydrocarbon stroatn for 
producing a b£ated r treated, hydrocarbon stream; 

c) fractionating said heated, treated, 
hydrocarbon stream using a further atmospheric fractionating 
tower for producing further light atmospheric fractions and; 
further atmospheric bottoms; 

d) heating **id further atmospheric bottoms for 
producing heated, further atmospheric bottoms; 
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q) fractionating said heated, further 
atmospheric bottoms using u further vacuum fractionating tower 
for producing further lighter vacuum fractions end further 
vacuum residue; and 

£) themuslly cracking the heavier portion of 
said further lighter vacuum fractions* 

9. a mstftod according to claim 7 including: 

a) providing ci hydrotreater for processing said 
light atmospheric and the lighter portion' of said 1 ight vacuum 
fractions and producing a treated, hydrocarbon stream; 

b> heating said treated hydrocarbon stream for 
producing a heated, treated, hydrocarbon stream; 

c} fractionating said heatsd, trc, hydrocarbon 
stream using a further atmospheric fractionating tower for 
producing further light atmospheric fractions and further 
atmospheric bottoms; 

d) heating said further atmospheric bottoms 
producing heated, further atmospheric bottoms; 

e) fractionating said heated, further 
atmospheric bottoms using a further vacuum fractionating tower 
for producing further lighter vacuum fractions and further 
vacuum residue; and 

f ) supplying the heavier portion or hydrogen 
donor .stream of said further lighter vacuum fractions to said 
therma 1 cracker T 

10. Apparatus according to cl^im 1 including: 

a) a hydrotr@&ter for processing the lighter 
portion of said lighl vacuum, fractions and producing a treated, 
hydrocarbon stream; 

q) a further heater for heating said treated, 
hydrocarbon stream for producing a heated, treated, hydrocarbon 
$t ream; 

b) a turthcr atmospheric fractionating column 
for producing from said heated, treated, hydrocarbon stream 
further light atmospheric fractions and further atmospheric 
bottoms; 

c} a still further heatsr for heating said 
further atmospheric bottoms producing heated, further 
atmospheric bottoms? and 

d) a further vacuum fractionating column for 
producing farther lighter vacuum fractions and further vacuum 
residue such that the heavier portion of said further light 
vacuum fractions is supplied together with said deasphalted oil 
to said thermal cracker. 
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Apparatus Ccjjc processing a hoavy hydrocarbon feed, in accordance 
with the present invention, includes firstly a heater for 
heating the heavy hydrocarbon feed. The heated, heavy 
hydrocarbon feed produced i$ fed to dii atmospheric fractionating 
tower for fractionating the heated heavy hydrocarbon feed fed to 
the inlet of the atmospheric fractionating tower producing light 
atmospheric fractions and atmospheric bottonrto. In addition, the 
apparatus include* * vacuum fractionating tower for 
fractionating heated atmospheric bottoms heated by a further 
heater and producing lighter vacuum fractions and vacuum 
residue. Furthermore/ the apparatus includes $ solvent 
deasphalting (SDA) unit for producing deasphalted oil (DftO) and 
asphalt enes from, the vacuum residue as well as a thermal cracker 
for thermally cracking the deasphalted oil and producing a 
thermally cracked product which is recycled to the inlet of said 
atmospheric fractionating tower. Moreover r the apparatus 
includes a further thermal cracker for thermally cracking the 
lighter vacuum fractions for producing a further thermally 
cracked product that is recycled to said atmospheric 
fractionating tower. 
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